Introduction
============

Lung cancer is one of the most frequently diagnosed cancers worldwide and is associated with a poor 5-year survival rate [@B1]. The specific mechanisms underlying lung cancer development and progression remain unclear. Although cigarette smoking and alcohol consumption are known to significantly increase the risk of lung cancer, various other environmental risks, such as exposure to air pollution, second-hand smoke, and genetic susceptibility, are also involved in the development of lung cancer [@B2]. Indeed, multiple genetic and epigenetic changes have been implicated in the development of lung cancer [@B2]. An increased understanding of genetic mechanisms, including DNA genotyping and heterogeneity, is required to improve our ability to predict disease risk and prognosis in lung cancer [@B3].

Genetic variation plays a key role in lung cancer susceptibility and development. Currently, genotyping single nucleotide polymorphism (SNPs) of a population and comparing the distribution frequency of SNPs among subgroups (for example, controls and patients) is frequently used to examine the risk and prognosis of a cancer [@B4]. Emerging reports indicate an association between SNPs in certain genes and lung cancer progression, as for instance, specific SNP variants within the vascular endothelial growth factor, the interleukin-32 (*IL-32*) and the *PARK2* genes [@B5]-[@B7].

High-mobility group box 1 protein (HMGB1) is a ubiquitous nuclear protein that has been discovered in mammals [@B8], [@B9]. HMGB1 contains DNA binding domains and contributes to DNA repair and stabilization of nuclear homeostasis [@B10]. HMGB1 is also found in cytosol and is secreted into the extracellular space during necrosis. HMGB1 participates in both cell survival and death by regulating immune response, apoptosis and autophagy in cancer development [@B11]-[@B15].

SNPs of the *HMGB1* gene influence gene expression, protein function and disease susceptibility in particular individuals [@B16], [@B17]. SNP had potential predictive significance risk of lung cancer in previous studies [@B18], [@B19]. However, little is known about the association between *HMGB1* SNPs, lung cancer risk and disease progression. We therefore performed a case-control study of four *HMGB1* SNPs to investigate the correlation between these SNPs and lung cancer susceptibility and progression.

Materials and Methods
=====================

Participants
------------

Between 2014 and 2016, we collected 372 blood specimens from patients (cases) who had been diagnosed with lung cancer at Dongyang People\'s Hospital. The control group consisted of 379 healthy participants without a history of cancer. All patients and participants provided written informed consent, and the study was approved by the Ethics Committee of Dongyang People\'s Hospital. The pathological stages of lung cancer in all patients were examined according to their medical records and the Revised International System for Staging Lung Cancer. A standardized questionnaire and electronic medical record system were used to obtain data on age, sex, smoking history, and alcohol consumption.

Extraction of genomic DNA
-------------------------

We extracted genomic DNA from whole blood specimens using QIAamp DNA blood mini kits (Qiagen, Valencia, CA, USA), according to the manufacturer\'s instructions. DNA was eluted with TE buffer (10 mM Tris, 1 mM EDTA; pH 7.8) and kept at -20°C.

SNP selection
-------------

SNP rs2249825 (3814C/G; genomic number 31,037,903) near the exon, SNP rs1412125 (-1615T/C; genomic number 31,041,595) in the promoter region, rs1360485 (3′UTR, T/C; genomic number 31,031,884) in the 3′ untranslated region and rs1045411 (2262C/T; genomic number 31,033,232) in the exon were selected according to Chinese HapMap data and previous studies [@B17], [@B20]. The minor allele frequencies of these SNPs were all ≥5 %.

Real-time PCR
-------------

The four *HMGB1* SNPs were investigated using the TaqMan SNP Genotyping Assay (Applied Biosystems, Warrington, UK), according to the manufacturer\'s procedures [@B21], [@B22].

Bioinformatic analysis of genomics data
---------------------------------------

We used data from the Genotype-Tissue Expression (GTEx) project to identify correlations between SNPs and levels of *HMGB1* expression [@B23].

Statistical Analyses
--------------------

Chi-square analysis was used to confirm that the genotype distribution of each SNP was in Hardy-Weinberg equilibrium (HWE). A Mann-Whitney *U*-test and a Fisher\'s exact test were used to compare demographic characteristics between patients and controls. Correlations between genotype frequencies, clinicopathological characteristics and lung cancer risk were examined using logistic regression analysis to estimate odds ratios (ORs) of association, controlling for other covariates. Statistical analysis of the haplotype structure was performed according to the method described by Barrett *et al.* [@B24]. Hardy-Weinberg equilibrium and linkage disequilibrium was estimated using SNPAnalyzer version 2.0 (Istech Corp., Korea). A *p* value of \< 0.05 was considered statistically significant. Data were analyzed using SAS statistical software (Version 9.1, 2005; SAS Institute Inc., Cary, NC, USA).

Results
=======

In this study, we evaluated differences in the general demographic characteristics of 372 patients with lung cancer and 379 cancer-free controls. All recruited subjects were of Chinese Han ethnicity (Table [1](#T1){ref-type="table"}). The study groups did not differ significantly by gender (*p* = 0.63). Significant associations were seen between alcohol (*p* \< 0.001) and tobacco consumption (*p*=0.05) with lung cancer risk. According to the American Joint Committee on Cancer (AJCC) TNM staging system, 261 patients with lung cancer had clinical stage I-II (70.2%) and 111 patients had clinical stage III-IV disease (29.8%). To reduce the possible interference of confounding variables, adjusted ORs (AORs) with 95% confidence intervals (CIs) were estimated by multiple logistic regression models that controlled for age, alcohol consumption, and tobacco use in each comparison.

Genotype distributions of SNPs rs1360485, rs1045411, rs2249825 and rs1412125 are presented in Table [2](#T2){ref-type="table"}. In the healthy controls, all genotypic frequencies were consistent with Hardy-Weinberg equilibrium (*p* \> 0.05). In both healthy controls and lung cancer patients, the highest distribution frequencies for rs1360485, rs1045411, rs2249825 and rs1412125, respectively, were homozygous for AA, CC, GG and TT (Table [2](#T2){ref-type="table"}). After adjusting for confounders, patients carrying the CT or CC+CT genotypes heterozygous for the *HMGB1* rs1045411 polymorphism had a 0.597-fold (95% CI: 0.385-0.928;*p* \< 0.05) and a 0.603-fold (95% CI: 0.394-0.924-;, *p* \< 0.05) lower risk, respectively, of developing lung cancer compared with patients carrying CC homozygotes. The incidence frequencies of the rs1360485, rs2249825 and rs1412125 polymorphisms did not differ significantly between patients and healthy controls.

An analysis of the GTEx database investigated whether an association exists between rs1045411 and *HMGB1* expression. Amongst individuals carrying a genotype with the variant T at rs1045411, a trend was observed for reduced expression of *HMGB1*, compared with the wild-type homozygous genotypes (*p* \< 0.05; Fig. [1](#F1){ref-type="fig"}).

Haplotype analysis based on the *HMGB1* rs1360485, rs1045411 and rs2249825 SNPs revealed that the most common haplotype in healthy controls was A/C/C (75.3%), which was therefore selected as the reference. The G/T/C *HMGB1* haplotype significantly reduced the risk by nearly half (0.486-fold; 95% CI: 0.284-0.830; *p* \< 0.05) (Table [3](#T3){ref-type="table"}). The reconstructed linkage disequilibrium plot of the four SNPs is shown in Figure [2](#F2){ref-type="fig"}. Two polymorphisms (rs1360485 and rs2249811) showed very strong linkage disequilibrium (96%) in one haploblock. Similarly, we found strong linkage disequilibrium between rs1360485 and rs1045411 (86%), as well as between rs1045411 and rs2249825 (90%) (Fig. [2](#F2){ref-type="fig"}).

Discussion
==========

Lung cancer is one of the most malignant cancers and is associated with severe morbidities and high mortality rates worldwide. Neither traditional chemotherapy nor molecular targeted therapy has proven efficacious in the treatment of lung cancer [@B14]. It is crucial that we perform genetic studies and investigations into signaling mechanisms, which might help to clarify a more appropriate strategy for lung cancer treatment. To the best of our knowledge, this current study is the first to examine the distribution of the rs1360485, rs1045411, rs2249825 and rs1412125 SNPs and their possible association with susceptibility to developing lung cancer. We also investigated the susceptibility to lung cancer when these *HMGB1* SNPs were combined with environmental carcinogens. In analyses adjusted for confounding factors, individuals carrying the rs10454111 CT or CC+CT heterozygous polymorphisms had a significantly lower risk of developing lung cancer compared to those carrying the rs10454111 CC homozygous polymorphism (95% CI: 0.385-0.928,*p* \< 0.05; and 95% CI: 0.394-0.924; *p* \< 0.05).

Increasingly, reports are showing that cigarette smoking and alcohol consumption are risk factors for lung cancer [@B25], [@B26]. Our results showed that the ratios of cigarette smokers/nonsmokers in controls (88.4:11.6) and patients with lung cancer (60.5:39.5) were relatively normal, similar to the ratios of alcohol consumption/no alcohol consumption in controls and patients. Although our present results showed that smoking and alcohol consumption were risk factors for lung cancer, we failed to find a significant association after controlling for smoking and alcohol consumption in the Chinese Han population (data not shown) because of poor quality of data recording smoking and alcohol consumption in these patients. In addition, some patient survival data were unavailable because patients had only recently enrolled in the study. Further studies are needed using larger populations of patients to confirm the role of *HMGB1* polymorphisms in lung cancer. The functional role of *HMGB1* in metastasis in patients with lung cancer should also be evaluated.

*HMGB1* regulates several functions inside and outside cells, including the immune response, DNA repair, chromatin stabilization, cell apoptosis and gene transcription. It has been suggested that *HMGB1* plays a role in lung, oral, colon and breast cancer development [@B27]-[@B29]. Nevertheless, the correlation between *HMGB1* polymorphisms and lung cancer development is uncertain. In the current study, we examined four *HMGB1* SNPs in 372 lung cancer patients and in 379 healthy controls. Our data suggested that CT or CC+CT at the rs1045411 polymorphism is significantly correlated with a reduction in risk of lung cancer. However, the rs1360485, rs2249825 and rs1412125 polymorphisms do not reduce the lung cancer risk when compared with healthy controls. The polymorphisms in the 3ʹ-flanking region of a gene can control gene expression [@B30]. Notably, the rs1045411 polymorphism resides in the 3ʹ-flanking region and may therefore affect *HMGB1* gene expression. Previous studies have also indicated that the rs1045411 polymorphism reduces the risk of oral squamous cell carcinoma and gastric cancer development [@B31], [@B32]. Findings from the GTEx database in the current study confirm that variant T at rs1045411 shows a reduced trend in *HMGB1* expression, compared with the wild-type C homozygous genotypes.

The linkage disequilibrium is expressed across the human genome so therefore could be used as a genetic marker to locate adjacent variants that participate in the detection and treatment of disease. Haplotype analyses can also provide data on disease susceptibility [@B33]. We evaluated the impact of different haplotype combinations of three *HMGB1* SNPs (rs1360485, rs1045411 and rs2249825) upon the risk of lung cancer and found that the G/T/C haplotype is associated with a low risk for lung cancer. It is possible that this haplotype is in linkage disequilibrium with other functional polymorphisms that are responsible for the susceptibility to lung cancer.

Taken together, our results demonstrate an association between *HMGB1* gene variants and risk of lung cancer, with evidence showing that the *HMGB1* rs1045411 polymorphism is associated with a significantly lower risk of lung cancer in the Chinese Han population. This study is the first to report a correlation between *HMGB1* polymorphisms and lung cancer risk. Thus, *HMGB1* could serve as a genetic prognostic marker for lung cancer therapy.
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###### 

Demographic characteristics of the study population.

  Variable              Controls (N=379)   Patients (N=372)   p value
  --------------------- ------------------ ------------------ ----------------
  Age (yrs)             45.15 ± 17.47      59.8 ± 10.38       *p* \<0.001\*
  Gender                                                      
  Female                187 (49.3%)        190 (51.1%)        *p* = 0.63
  Male                  192 (50.1%)        182 (48.9%)        
  Alcohol consumption                                         
  No                    317 (83.6%)        285 (76.6%)        *p* \< 0.001\*
  Yes                   62 (16.4%)         87 (23.4%)         
  Tobacco consumption                                         
  No                    335 (88.4%)        225 (60.5%)        *p* \< 0.05\*
  Yes                   44 (11.6%)         147 (39.5%)        
  Stage                                                       
  I-II                                     261 (70.2%)        
  III-IV                                   111 (29.8%)        
  Tumor T status                                              
  ≤T2                                      318 (85.5%)        
  \>T2                                     54 (14.5%)         
  Lymph node status                                           
  N0                                       257 (69.1%)        
  \>N0                                     115 (30.9%)        
  Metastasis                                                  
  M0                                       301 (80.9%)        
  M1                                       71 (19.1%)         

###### 

Genotypic frequencies of the *HMGB1* rs1360485, rs1045411, rs2249825 and rs1412125 SNPs in patients and controls and their association with the risk of lung cancer.

  Variable    Controls (N=187) n (%)   Patients (N=190) n (%)   OR (95% CI)                 AOR (95% CI)
  ----------- ------------------------ ------------------------ --------------------------- ---------------------------
  rs1360485                                                                                 
  AA          107 (57.2%)              124 (65.3%)              1                           1
  AG          68 (36.4%)               56 (29.5%)               0.711 (0.459-1.101)         0.660 (0.424-1.028)
  GG          12 (6.4%)                10 (5.3%)                0.719 (0.299-1.730)         0.709 (0.293-1.715)
  AG+GG       80 (42.8%)               66 (34.7%)               0.712 (0.470-1.079)         0.671 (0.441-1.021)
  rs1045411                                                                                 
  CC          109 (58.3%)              130 (68.4%)              1                           1
  CT          71 (38.0%)               54 (28.4%)               **0.638 (0.412-0.986)\***   **0.597 (0.385-0.928)\***
  TT          7 (3.7%)                 6 (3.2%)                 0.719 (0.235-2.202)         0.672 (0.219-2.164)
  CT+TT       78 (41.7%)               60 (31.6%)               **0.645 (0.423-0.984)\***   **0.603 (0.394-0.924)\***
  rs2249825                                                                                 
  GG          133 (71.1%)              142 (74.7%)              1                           1
  GC          50 (26.7%)               46 (24.2%)               0.862 (0.541-1.372)         0.814 (0.510-1.300)
  CC          4 (2.1%)                 2 (1.1%)                 0.486 (0.084-2.599)         0.442 (0.079-2.454)
  GC+CC       54 (28.9%)               48 (25.3%)               0.833 (0.528-1.312)         0.786 (0.497-1.244)
  rs1412125                                                                                 
  TT          107 (57.2%)              109 (57.4%)              1                           1
  TC          69 (36.9%)               70 (36.8%)               0.996 (0.650-1.525)         0.963 (0.626-1.481)
  CC          11 (5.9%)                11 (5.8%)                0.982 (0.408-2.360)         0.924 (0.383-2.228)
  TC+CC       80 (42.8%)               81 (42.6%)               0.994 (0.661-1.495)         0.958 (0.634-1.446)

OR = odds ratio; AOR = adjusted odds ratio; CI = confidence interval.

###### 

Haplotype frequencies of three *HMGB1* polymorphisms (rs1360485, rs1045411 and rs2249825) and risk of lung cancer.

  Variable                                      Controls (N=758)n (%)   Patients (N=744)n (%)   OR (95% CI)           p value
  --------------- -------------- -------------- ----------------------- ----------------------- --------------------- -------------
  rs1360485 A/G   rs1045411C/T   rs2249825C/G                                                                         
  A               C              C              571 (75.3%)             588 (79.0%)             Reference             
  G               T              G              97 (12.8%)              92 (12.4%)              0.921 (0.677-1253)    0.638
  G               T              C              42 (5.5%)               21 (2.8%)               0.486 (0.284-0.830)   **0.009\***
  G               C              C              27 (3.6%)               20 (2.7%)               0.719 (0.399-1.297)   0.3
  A               T              C              13 (1.7%)               14 (1.9%)               1.046 (0.487-2.244)   1
  G               C              G              4 (0.5%)                8 (1.1%)                1.942 (0.582-6.485)   0.386
  A               C              G              2 (0.3%)                1 (0.1%)                0.486 (0.044-5.369)   0.62
  A               T              G              2 (0.3%)                0 (0.0%)                \-\-\-\--             
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